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httpcense.Abstract Objective: To evaluate the role of three-dimensional (3D) volume rendering computed
tomography (CT), in the postoperative assessment of pedicle screw placement.
Methods: Ninety-eight patients with previous spinal ﬁxation surgery were included. All inserted
screws were evaluated post operatively within the ﬁrst month using CT. Degree of misplacement
and difference between CT images were recorded.
Results: Seventy six, 68 and 39 misplaced screws were detected in 3D reformatted image, coronal
reconstruction and axial CT images, respectively. Dorsal spine had the higher rate of violation of 46
(9.95%) with the highest rate at T4 (12.8%) compared with lumbar of 32 (6.9%). Statistically sig-
niﬁcant differences were found between lateral and medial violation (P value 0.03), between ﬁnd-
ings of 3D CT reformatted and axial images (P= 0.04), and also in detecting end plate perforation
and anterior vertebral encroachment in different CT images (P value 0.013). Sensitivity for 3D
reformatted image and axial image compared with surgical ﬁnding in six revised screws was
100% and 95.8% and speciﬁcity was 100% and 88.7%, respectively. Highly momentous agreement
is reported with Kappa coefﬁcient = 0.95 ±<0.001.
Conclusion: We conclude that postoperative evaluation of pedicle screw using 3D CT reconstruc-
tion was a reliable method.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Transpedicular instrumentation procedure has become an
established method for stabilization of the thoracic and lumbar
spines (1–3). Nowadays transpedicular ﬁxation is popularly
and successfully used for spine stabilization in the setting of
a wide range of spinal disorders such as degenerative disc
disease, traumatic, infectious, neoplastic and malformativeProduction and hosting by Elsevier B.V.
.12.003
64 I.M. El Fiki et al.pathologies associated with axial instability (4). Since their intro-
duction, the accuracy and complication of placing pedicle screws
have been the subject of many reported studies (5,6). Pedicle
screws that perforate the pedicle cortex may increase the risk of
dural tearing, neural damage, and vascular or visceral complica-
tions.Moreover, suchpedicle screwmalpositionmay result in loss
of ﬁxation, especially if it occurs at the lower end of the construct.
Therefore, proper placement of pedicle screws is important not
only for the prevention of neurological injury but also for the
maintenance of long-term spinal stability (7–9). Postoperative
imaging is typically performed to assess the progress of osseous
fusion, to conﬁrm the correct positioning and the integrity of
instrumentation, to detect suspected complications (e.g., infec-
tion or hematoma), and to detect new disease or disease progres-
sion (10). Plain radiography is most commonly used in the
assessment of pedicle screw placement, although CT (Computed
tomography) is reported to be more accurate (2). The quality of
CT images may be severely affected by metallic artifacts due to
the implants. Titanium made screw has been recently used, and
it causes fewer artifacts due to lowerX-ray attenuation compared
to stainless steel screw (10). Patient movement as well may be
resulting in artifacts, which affect the image, however, the intro-
duction of high-speed multislice CT has reduced the possibility
of this type of artifact. Also image reconstruction using multipla-
nar reformation (MPR) and three dimensional volume rendering
(3D VR) techniques, often results in higher-quality images that
are more useful clinically than axial images alone (11,12). This
study was intended to evaluate the diagnostic value of postoper-
ative CT 3DVR reformatted image for the assessment of pedicle
screw placement in dorsal and lumbar spines compared with ax-
ial and coronal reconstruction images.
2. Patients and methods
This prospective study, included all patients who underwent
surgical pedicle screw ﬁxation for causes other than scoliosis
between June 2010 and June 2012. Patients suffering from sco-
liosis were excluded from the study. Ninety-eight patients met
the eligibility to participate in this study (56 males and 42 fe-
males). Their age ranged from 19 to 65 years (mean age
28 ± 5). All operations were performed by the same neurosur-
geon using an identical technique, and all implants used were
made of titanium. Post operative computed tomography was
done for all patients within a one-month period. The study
was approved by the local ethics committee, and written con-
sent was obtained from each patient to participate in the study.
2.1. Surgical technique
The titanium pedicle screws are placed from the back into the
pedicles. Each patient’s pedicles are of varied sizes, so the
screws are available in different diameters. A drill is used to
prepare the bone before the screw is placed. Two screws are
placed into each bone (one in each of two pedicles for a one-
level fusion, then four screws would be needed; two in each
bone). The rods are secured to the screws to hold the spine
in its new position. Bone graft is then placed outside the ped-
icle-screw-rod assembly (away from the nerves and soft tissues
to cause the two bones to heal or fuse together). The screws
and rods hold the bones in place until the bone graft fuses,
effectively forming one larger bone from two. A rod is placedbetween the screws on each side of the vertebrae to stabilize the
spine. Bone graft is placed between and/or along the sides of
vertebrae. Intraoperative bone hemostasis can be accom-
plished using surgical bone wax. However, bone wax locally
interferes with osteogenesis, and its use is avoided when bone
fusion is critical. The operative technique was performed using
the posterior approach. Short segment-pedicle screw with a
cross link was used in 35 patients. Spinal reduction was per-
formed by the distraction force applied at both tail ends of
the upper and lower pedicle screws after rods were connected
and guided by intraoperative imaging to reduce spinal kypho-
sis and retropulsed burst fragments.
2.2. Radiographic examination
All patients were scanned using a multislice 64 slice CT
imaging (Light Speed VCT, GE Healthcare, Milwaukee,
WI). Image acquisition was performed in helical mode, in
cranio–caudal direction with the patients supine. The imaging
series consisted of 0.6–2 mm-thick CT sections (collimation
8 · 2.5 mm) at 2-mm intervals with a pitch of 0.875:1 and
acquisition parameters of 120 kVp and 60 MAs.
2.3. Image reconstruction
The raw data were used to reconstruct axial and coronal mul-
tiplanar reformation (MPR) with a ﬁeld of view adequate for
visualization of the spine. Reconstructions were performed in
both soft tissue and bone windows. A dedicated post-
processing workstation (Advantage Windows Volume share
4.5, GE Medical System, Milwaukee, WI, USA) was used to
obtain further image processing as volume rendering (VR) to
obtain 3D images. The reformatted 3D images were cleared
from any metal artifacts so that the whole length of the screw
was clearly visible and easily evaluated.
2.4. Image interpretation
The obtained CT images were reviewed for the affected level,
the inserted screw and the presence of a screw related or non
screw-related complication on a separate session by two radi-
ologists who are unaware of the clinical presentation of the pa-
tients. The positions of the screw within the pedicle were
assessed according to the classiﬁcation previously published
in the literature (13–15). Each screw was examined for: (1)
Error in insertion of the screw in relation to pedicular angle.
(2) Position of the screw within the pedicle. The screw was con-
sidered as (in) if it was correctly positioned within the pedicle,
or (out) if it was malpositioned and a portion of the screw pen-
etrated through the cortex. Screw displacement was measured
in millimeters using the scale on the CT image and classiﬁed
according to the distance that the edge of the screw thread
extended outside the pedicle cortex and graded. Grade 0 is
no apparent violation of the pedicle. Grade I is <2 mm
perforation of the pedicle with one screw thread out of the ped-
icle. Grade II is between 2 and 4 mm or perforation of the
pedicle with half of the diameter of the screw outside the ped-
icle. Grade III is >4 mm or complete perforation of the
pedicle (13). (3) Presence of end plate perforation or vertebral
extrusion. (4) Error in the direction of screw penetration which
is described as lateral, medial, cranial or caudal. Correlation
Role of postoperative multislice computed tomography 65between the CT ﬁnding and the clinical data was done. All pa-
tients were followed clinically and radiologically for at least six
months, the incidence of complication, patient satisfaction, re-
sponse of the existing pain, development of neurological pain
or deﬁcit, and the need for revision operation was all reported.Table 1 Number of patients and screws in relation to the
indication of spinal ﬁxation.
Indication No. of patient No. of screw
Degenerative 45 (45.9%) 202 (43.7%)
Traumatic 30 (30.6%) 146 (31.6%)
Spondylolisthesis 23 (23.5%) 114 (24.7%)
Total 98 (100%) 462 (100%)
Fig. 1 (a) Axial CT image and (b) coronal CT reconstruction show
reformatted three-dimensional images showing excellent views of the s2.5. Statistical analysis
Data were checked, entered and analyzed by using SPSS ver-
sion 20. Data were expressed as numbers and percentage.
Chi-square (v2) or Fisher exact tests were used when appropri-
ate, Kappa agreement was used. P< 0.05 was considered sta-
tistically signiﬁcant.
3. Results
Postoperative CT evaluated a total number of 462 screws in-
serted in 98 patients, ﬁxation as a result of degenerative cause
was the most commonly encountered in our patients of 45.9%,ing correct position of the screw within the pedicle. (c) and (d)
keletal anatomy and correct insertion of the inserted implant.
Table 2 Summary of location of perforation of the misplaced screws; comparison of axial, coronal and reformatted three-dimensional
studies.
– Axial Coronal 3D reformat
Lateral Medial Total Lateral Medial Cranial Caudal Total Lateral Medial Cranial Caudal Total
Pedicle penetration 22 11 33 25 14 4 3 48 27 15 5 5 54
Grade I 8 3 11 8 4 0 1 15 6 6 0 2 16
Grade II 6 2 8 5 4 2 0 11 7 4 2 1 14
Grade III 8 6 14 12 6 2 2 22 14 5 3 2 24
Endplate penetration 4 2 6 6 4 2 1 13 8 4 2 3 17
Anterior encroachment – 0 – 2 – 3
Disc space penetration – – – 2 – 4
Total 26 13 39 31 18 6 4 65 35 19 7 8 78
0
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20
30
40
50
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 L5 S1
Chart 1 Number of screws inserted and screw violation in each level.
66 I.M. El Fiki et al.other indications for ﬁxation and incidence of a screw per indi-
cation are listed in Table 1,
In overall results, the higher rate of ﬁxation was seen in L5
(48 screws) followed by S1 then L4 and T12. Most of the im-
planted screws were found to be correctly positioned within the
pedicle (Fig. 1), out of the 462 inserted screws, 76 (16.5%), 63
(13.6%) and 39 (8.5%) screws were found to be malpositioned
on 3D reformatted image, coronal reconstruction and axial CT
images respectively. The dorsal pedicle shows a higher rate of
screw violation when compared with the lumbar pedicle, the
number of screw violations in the dorsal pedicle was 46
(9.95%), and in lumbar pedicle was 32 (6.9%) in relation to
the number of inserted screws (see Table 2).
The spinal levels with the highest incidence of the cortical
breach were T4 (12.8%) followed by L5 (10.3%). Chart one
shows the number of screws inserted in each vertebra and
the incidence of screw breaches (see Chart 1).
Lateral screw violation (Fig. 2) was more detected than the
medial one (Fig. 3) on all CT images with a signiﬁcant differ-
ence (P value 0.03). The coronal and 3D reformatted image
had the advantage in assessing the screw violation in cranial
and caudal directions as well as the evaluation of disc space
penetration. End plate perforation and anterior vertebral
encroachment were more obvious in the reformatted than
the axial image which is statistically signiﬁcant (P value
0.013) (Fig. 4).
Radicular pain and neurological deﬁcits were observed in 9
(9.2%) patients. Only 4 (4%) patients (six screws (1.2%) need
revision operation while the other ﬁve patients respond to con-
servative treatment. Of the six screw needed revision 3 (50%)was of Grade I medial, 1 (12.5%) Grade III lateral and 2
(25%) Grade III medial. In all patients, the misplaced screw
was removed, and a new one was correctly placed. No spinal
cord, dural, vascular, or pulmonary injuries have been re-
ported. There was no signiﬁcant relation between the develop-
ment of complication and level or the cause of operation, as
well as between the grade of screw displacement and the inci-
dence of complication or revision as most of the patients with
misplaced screw were completely asymptomatic. However a
signiﬁcant correlation was noted for medial displacement of
the screw and severity of complication and rate of revision
(75% of revised cases). Sensitivity of CT images in evaluating
screw position compared with operative ﬁnding in six revised
screws shows a sensitivity of 100% and 95.8% and a speciﬁcity
of 100% and 88.7% for 3D reformatted image and axial image
respectively. Comparing patient’s satisfaction with radiological
ﬁndings revealed no signiﬁcant relation between the severity of
screw violation and patients’ complaining, A statistically sig-
niﬁcant difference was obtained on comparing ﬁndings of both
axial CT and 3D reformatted imaging, (P= 0.04). Interob-
server agreement between the two radiologists showed no sig-
niﬁcant difference noted between the ﬁndings obtained from
the postoperative CT images. Kappa coefﬁcient is equal to
0.95 ±<0.001 that indicates a highly signiﬁcant agreement.
4. Discussion
Pedicle screw placement is a well-known and increasingly per-
formed technique used to achieve ﬁxation and fusion in tho-
racolumber surgery (16). In spite of the improvement of
Fig. 2 (a) and (b) Axial CT images the Rt. screw looks contained in the right pedicle. (c) 3D reformatted CT image the screw now is very
clear and a portion of it is laterally displaced outside the Rt. pedicle and the rest inside VB.
Role of postoperative multislice computed tomography 67surgical techniques, the improper placements of pedicle screws
may occur, which is considered the most commonly reported
complication (17–19) fortunately, serious neurological and
vascular complication was very rare (16). Plain X-ray has been
used for the evaluation of screw position, although it was help-
ful, the sensitivity and speciﬁcity were low when compared
with postoperative CT (20,21). Advances in CT imaging tech-
nology have made CT accepted to be a gold standard tech-
nique for post-operative screw evaluation (22). The overall
rate for screw violation reported in the literature ranged be-
tween 0% and 42% (16). The wide variation in the rate of
screw violation was referred to many causes such as an indica-
tion for surgery, levels of instrumented spine, variation in type
of population studied (in vivo or in human cadavers), the oper-
ative technique and intraoperative assisted guidance, surgical
experience as well as the method of postoperative evaluation
(23). Rate of screw violation in our series (16.5%) was found
to fall in the range of the incidence reported in the literature.
Our result was lower than that previously described in some
series as in the study of Laine et al. (24) screw malpositionranged from 28.1% to 39.9%, Lotﬁnia et al. (25) reported
35.22% faulty placements in their cases, and Castro et al.
(21) showed cortical penetration in 40% of his patients, this
difference may be due to in our study, all included factors have
been standardized as much as possible, In all of our cases, sur-
gery was performed by the same surgeon, at a single institu-
tion, using the identical techniques, and the same implant.
We excluded patients with spine deformity, and none under-
went previous ﬁxation surgery. On the other hand, our rate
of displacement was higher than that reported in other litera-
ture, as many authors (7,17,26,27) consider screw displacement
with errors of <2 mm was of no signiﬁcance and they did not
include this group in their ﬁnal rate of misplacement, in this
study, we include all degrees of displacement even those with
<2 mm in the total rate of screw displacement.
Also the lower rate of screw misplacement is reported in a
meta-analysis done by Schizas et al. (28) they found a mean
misplacement rate of 8.7% and in the study of Lonstein
et al. (29) they reported a misplacement rate of 5.1% that
has been attributed to the use of plain radiographs as a method
Fig. 3 (a) Axial CT showing medial displacement of the screw at the right side which is graded as moderate. (b) Reformatted three-
dimensional images in axial planes at the same level showing the displacement of the screw graded as severe >6 mm.
68 I.M. El Fiki et al.of post operative assessment, which appears to be underesti-
mating when compared to CT scan assessment (4).
Most of the studies published in the literature, use only two
dimensional (2D) axial CT images for post operative evalua-
tion of the 3D nature of the pedicle screw. The addition of
new 3D VR or coronal MPR techniques can provide valuable
information in evaluating successful placement of the pedicle
screw (21,22,30–33). Multislice 3D reformatted image easily
showed the full length of the screw with lack of metallic arti-
facts with accurate evaluation of the relation between the
screw and the neural elements (20). In our study, axial image
could detect 39 (9.8%) out of the misplaced screws seen at
coronal reconstruction of 63 (13.6%), and 3D reformatted im-
age of 76 (16.5%), these were statistically signiﬁcant (P value
0.004). Our results agree with Schizas et al. (28) in their study
compared to axial CT images with coronal reconstruction and
found the incidence of violation was 23.3% for axial and 30%
for coronal images, also in the series of C¸elik et al. (20) they
compared the axial images with 3D reformatted images, and
they found lower incidence for axial (9%) in comparison to
that of 3D reformatted images (13.1%). And they attributed
that to the fact that in reformatted images, not only medial
and lateral screw placement accuracy is evaluated, but addi-
tionally cranial and caudal placement, as well as the presence
of metallic artifacts in axial images altered the image interpre-
tation with difﬁculty of following the screw trajectory between
the slices. The difference between 3D reformatted image and
coronal reconstruction may be due to the evaluation of screw
position in the sagittal plane as well as the full length of the
screw easily evaluated in a 3D reformatted image (20). Com-
paring the dorsal and lumbar spines from their anatomical as-
pect, the pedicle in dorsal spine is smaller, with increasing
variability in its anatomy, This explains why the incidence of
the screw breach was considerably more frequent in the dorsal
than the lumbar spine (4,13,34) in our study the rate of screw
violation was higher in dorsal pedicle (9.95%) in comparison
with lumbar pedicle (6.9%), this is in accordance with parkeset al. (35) and, Rodrigues et al. (36) who reported same higher
rate of screw violation in the dorsal than lumbar spines. We
found the highest incidence of screw breach was at T4
(4.1%) this is also described by Parkes et al. (35) he reported
highest rate of the screw cortical breach at T4 and T6, and
he mentioned that this was not surprising because the pedicles
of these vertebrae are relatively small to accept the full diame-
ter of the screw. In this study the rate of cortical breaches in
the lateral direction (44.9%) was more than the medial direc-
tion (24.3%), this was in accordance with studies of Lotfnia
et al., Parkes et al., and Gonzalez-Cruz et al. (25,35,37) they
found a higher rate of lateral cortical breach, and they referred
these to that the surgeon choose a more lateral trajectory away
from the thicker medial cortical wall of the pedicle as well as
the desire of the surgeon to avoid potential injury to the spinal
cord. Neurologic complications and nerve root irritations are
reported in the literature for a range from 0.2% to 11% (38)
in accordance with these studies we reported 9% of neurolog-
ical pain and deﬁcits in our patients this was lower than that
reported by Lotfnia et al. (25) he reported 15.09% of neuro-
logic pain, the higher incidence in the last study was due to,
they included all patients with sensory or motor symptoms
in spite of the presence or absence of deﬁcits. Not all patients
with neurological pain and deﬁcits need revision operation (25)
this strongly agrees with our study where only ﬁve patients
need revision with a revision rate of 1.2% of the inserted screw.
This nearly agreed also with Parkes et al. (35) who reported a
0.8% revision rate. No deﬁnitive dural, vascular, or pulmonary
injuries were reported in our patients, in accordance with
Rodrigues et al. (36) and Reidy et al. (39). There was interob-
server agreement comparing results obtained from the exam-
ined different images with excellent k= 0.95, our result was
comparable to Kosmopoulos et al. (22) who report a perfect
value (j= 0.90) for interobserver agreement strength in com-
paring readings between observers. In conclusion, multi-slice
3D CT imaging was valuable as a method for postoperative
assessment of pedicle screw placement. Multislice 3D
Fig. 4 (a) Coronal CT reconstruction showing end plate penetration by the screw at L1 level. (b), (c) and (d) Reformatted three-
dimensional images in three anatomical planes showing downward displacement of the inserted screw at L1 and L2 , penetrating the end
plates with anterior vertebral encroachment.
Role of postoperative multislice computed tomography 69reformatted image easily showed the full length of the screw,
the relation between the implanted screw and the neural ele-
ments was accurately evaluated with lack of the metallic
artifacts.
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